Abstract. In situ measurement of soil hydraulic properties may be achieved by analyzing the unconfined effiux from disc tension infiltrometers, once consistent infiltration equations can be derived. In this paper an analytical, three-dimensional infiltration equation is developed, based on the use of parameters with sound physical meaning and adjustable for varying initial and boundary conditions. The equation is valid over the entire time range. For practical purposes, a simplified solution is also derived. The full and simplified equations give excellent agreement with published experimental results and are particularly useful for determining soil hydraulic properties through application of inverse procedures.
Introduction
In the first paper of this series [Smettem et al., A more precise expression of sorptivity S0 can be given by [Parlange, 1975] 
S• = •o •ø (0o + 0 -20n)D(O ) dO (3) n
The obvious and practically important feature of (1) As the sorptive term in the denomination of (13) is bigger than the gravity term, it is evident that the short time behavior/3D = So tl/2 may break down far more quickly than for the case of one-dimensional flow. It also becomes questionable whether the routine method of estimating So may still be applied without generating errors in the value of So as found experimentally by Thony et al. [1991] .
Taking as an example the soil and infiltration case for
Smettem et al. [this issue], So tl/2 represents only 90% of I3v
after 58 s and only 80% after 230 s.
Long Time Expansion
The derivation of the long time behavior of the threedimensional infiltration equation (8) (26) and (28) clearly shows that for increasing radius, but identical initial and boundary conditions, the value of 3' increases slightly.
As a result, we may conclude that from both "limited time" and "long time" analyses, the value of 3' for normal working conditions is reasonably bounded by 0.6 < y < 0.8 The parameters entering the equations have a sound physical meaning and can be adjusted (where necessary) for varying initial and boundary conditions. This presents the possibility of using the equations to obtain soil hydraulic properties through application of inverse procedures. This approach will be explored in a subsequent paper. A correction constant, y, is introduced to account for gravity effects at the edges of the water content profiles. A theoretical estimate of the correction constant has been presented and in a following paper will be the subject of further analysis for 
